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ABSTRACT
Successful translocation of a listed species into an area of previous occupation requires
knowledge of the habitat needs. The presence of the necessary food items is critical to the
successful establishment of a new population; this information is unknown for Peromyscus
polionotus niveiventris, the southeastern beach mouse, a threatened subspecies on the east coast
of Florida. I used fecal and stable isotope analysis to determine the diet of this subspecies at
Cape Canaveral Air Force Station, Brevard County, Florida, between the autumn of 2003 and the
spring of 2005. Six trapping grids were established, three in the dune/swale and three in the
coastal scrub communities. Fecal and hair samples were collected and analyzed. The diet varied
in the amount of 13C consumed between habitats and in the amount of both 15N and 13C
consumed among grids within a habitat. There was no significant interaction between habitat
and sex in the amount of either 15N or 13C consumed, and sexes also did not differ significantly.
Fecal analysis uncovered the dominance in the diet of C3 plants. My data refuted the current
belief, that the southeastern beach mouse prefers beach grass seeds of C4 plants, which were
consumed but not in the frequency or quantity expected.
I also analyzed the diet of Peromyscus gossypinus, the cotton mouse, and Sigmodon
hispidus, the hispid cotton rat, using the two techniques. Both species consumed a combination
of plant and arthropod material. Their diets varied between dune/swale and coastal scrub
habitats.
All three species’ diets were significantly different, with Peromyscus polionotus
niveiventris and Peromyscus gossypinus being the most similar. Both consume a greater
proportion of arthropod material compared to the hispid cotton rat. Interspecific competition
iii

between the southeastern beach mouse and the cotton mouse may occur in times of limited
resources.
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I am dedicating this thesis to every individual who strives for the enlightenment that comes with
higher education and mental challenges, perseveres through the hardships knowing that the end
goal is more than worth it, and in the end remembers that the base of science, natural history, is
the foundation upon which everything else was built.
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INTRODUCTION
Habitat loss and degradation are among the primary causes of species’ listing by state or federal
governments as endangered or threatened (Noss et al. 1997). For each listed species, a recovery
plan requires an increase in the population size and number of viable populations within the
historical range. Establishing new populations with individuals from a source population can be
problematic when loss of habitat caused the original decline, making reintroduction sites scarce.
Public land within the historical range is less likely to be developed, but still may be unsuitable if
the necessary resources (e.g., food) are unavailable. Thus, understanding the diet of the animal is
important prior to translocation.
Interspecific resource competition is another consideration in translocations, especially in
times of limited resources due to drought or disturbances such as hurricanes. Either a native
competitor or an invasive exotic can thwart reintroduction efforts if they out-compete the species
of concern (Griffith et al. 1989). Dietary overlap in areas of suitable habitat may indicate the
potential for competition. Informing land managers of the food requirements and potential for
competition will help them manage the habitat appropriately.
The southeastern beach mouse (Peromyscus polionotus niveiventris) is found in close
association with sea oats (Uniola paniculata) and other grasses, which are assumed to be
significant food sources (USFWS 1993). The southeastern beach mouse is one of seven extant
subspecies of Peromyscus polionotus known as beach mice which occur in dune/swale habitats.
The diet of the southeastern beach mouse is thought to be similar to other subspecies of beach
mice, with possible exceptions where the distribution of food plants does not overlap with the
ranges of all the subspecies (USFWS 1993). Another assumption is that beach mice only
1

consume arthropods when plant material is not plentiful, i.e., the winter months (Ehrhart 1978).
However, the only direct research on beach mouse diet is a single Masters thesis on three of the
subspecies residing in the panhandle of Florida and adjacent Alabama (Moyers 1996). All other
information has its foundation based on isolated field observations and assumptions. No dietary
estimate of southeastern beach mice currently exists.
In this thesis I estimated the diet of P. p. niveiventris using stable isotope analysis and
fecal analysis. I also estimated the diets of two rodents that are locally sympatric with P. p.
niveiventris, and therefore, potential competitors, the cotton mouse (Peromyscus gossypinus) and
the hispid cotton rat (Sigmodon hispidus), using the same techniques. Finally, I estimated dietary
overlap of all three species and discussed the possibility of competition among these three small
mammals found on Cape Canaveral Air Force Station, Brevard County, Florida, including the
potential impact on the survivorship of the threatened P. p. niveiventris and possible
management implications.
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BIOLOGY OF THE STUDY ANIMALS
The historic range of P. p. niveiventris included the primary dune/swale area of 280 km of the
Atlantic coastline between Southern Volusia and Broward Counties (Hall 1981). However, due
to loss of habitat to coastal development, the current range has declined to approximately 64 km
of primarily public lands, including Canaveral National Seashore, Merritt Island National
Wildlife Refuge, and Cape Canaveral Air Force Station (USFWS 1993). Research on P. p.
niveiventris has focused on population dynamics, dispersal, and habitat use (Kiem 1979; Extine
1980; Extine and Stout 1987; Efron 1999; Oddy 2000; Weidlich 2002). All research to date on
P. p. niveiventris has occurred in Brevard (Cape Canaveral Air Force Station and Merritt Island
National Wildlife Refuge) and Indian River Counties (Archie Carr National Wildlife Refuge).
The diet of this animal is currently unknown and assumed to be similar to other omnivorous
subspecies of P. polionotus (Gentry and Smith 1968; Frank 1996; Moyers 1996). However,
because P. p. niveiventris is the only beach mouse subspecies that occupies inland scrub as well
as dune/swale habitats (Extine and Stout 1987), the assumption that its diet is identical to that of
other beach mice is suspect.
Cotton mice and hispid cotton rats are both widely distributed in the southeastern United
States (Burt 1980). Cotton mice occupy forested wetlands, wooded areas, old fields, hammocks,
and dune/swale and coastal scrub, whereas hispid cotton rats are strongly associated with
grasslands, pine flatwoods, and to a lesser extent dune/swale and coastal scrub (Burt 1980).
Cotton mice are omnivores and consume seeds, flowers and fruit as well as arthropods (Martin et
al. 1951; Wolfe and Linzey 1977), although the importance of arthropods in the diet is not well
studied. Hispid cotton rats are herbivores and consume primarily grasses and other green
3

herbaceous plant material (Martin et al. 1951; Fleharty and Olson 1969; Cameron and Spencer
1981; Randolph et al. 1991; Randolph et al. 1995; Randolph and Cameron 2001; Cameron and
Kruchek 2005). Seeds and fruit are eaten, whereas arthropods are scarcer or absent in the diet.
Based on the information available for these rodents, I predicted that in areas of local
sympatry:
(1) Grasses are the most significant component of the diet of P. p. niveiventris
(2) P. p. niveiventris and P. gossypinus are omnivorous, whereas S. hispidus is exclusively
herbivorous, but all three consume a variety of food species and, therefore, are generalists,
(3) the dietary overlap between P. p. niveiventris and P. gossypinus is greater than the overlap
between S. hispidus and either Peromyscus species.
(4) the diets of all three species vary by habitat due to differences in food availability
(5) males and females differ for all three species due to differing nutritional needs during
pregnancy and lactation
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MATERIALS AND METHODS

Study Sites

The study was conducted in habitat types where P. p. niveiventris has been trapped (Stout 1979).
I constructed six trapping grids on Cape Canaveral Air Force Station, three in the dune/swale and
three in the coastal scrub (Figure 1).
The dune/swale ecosystem consists primarily of beach grass including Panicum amarum,
Uniola paniculata, Sporobolus virginicus, and Distichlis spicata. Other woody and herbaceous
plants included Coccoloba uvifera, Serenoa repens, Smilax auriculata, Physalis walteri, and
Scaevola plumieri (Johnson et al. 1990).
The coastal scrub ecosystem consists primarily of salt-pruned shrubby oaks, including
Quercus virginiana, Q. geminata, Q. chapmanii, and Q. myrtifolia. Saw palmetto, Serenoa
repens, is also dominant (Johnson et al. 1990). Coastal scrub grid 3 falls in the category of
coastal strand, an ecosystem commonly found between the dune/swale and coastal scrub
ecosystems, but the dominant vegetation is similar to that found within the coastal scrub. Table
1 contains a complete list of plants observed in the study sites.

Field Methods

Each grid consisted of 64 Sherman live traps (HB Sherman Traps, Tallahassee, FL) at 15 m
intervals, plus an additional trap line located 150 m away from the grid with 10 traps at 15 m
5

intervals. I opened the traps for one night every two weeks from June 2003 – May 2005.
Captured rodents were tagged with a numbered monel ear tag, and a small hair sample (~2 mg)
was clipped from the rump region with scissors for stable isotope analysis. Body masses were
determined with a Pesola scale, sex, relative age (juvenile, sub-adult, adult), and pelage status
(molting, saddle-molt, prime) noted. Fecal matter was collected if present in the trap, and traps
were cleaned after every capture. Ear tag number identified recaptured animals, which were
sexed, classified as to their reproductive status, body mass, pelage status, and age.
To investigate seasonality in food availability, plants on the grids and transects were
monitored each month to document flowering, fruit set, and the vegetative state (i.e., only leaves
and stems) (Appendix 4). I collected tissues (leaves, flowers, fruits) of potential food species
from each grid each season for use as reference material in the fecal analysis (samples were
frozen or dried until processed). I also used sticky traps and small pitfall traps to sample
arthropods on or near the soil surface. Sticky traps, #10 coffee can lids with a sticky nontoxic
substance (Tanglefoot® bird repellent) spread on the upper surface, were placed at 16
haphazardly chosen trap stations on each grid, plus three on each transect, and attached to
vegetation by string. Pitfall traps consisted of 10.5 oz (300g) soup cans (6 per grid) buried with
the tops flush with the ground surface, with a “roof” to reduce disturbance from wind-driven
sand and animals, raised sufficiently above the top of the can to allow passage of grounddwelling/crawling arthropods. A small amount of soapy water or nontoxic antifreeze placed in
the cans acted as a trapping agent. After one week in the field, sticky traps and pitfall traps were
collected and brought back to the lab.
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Fecal Analysis

Fecal analysis (Dusi 1949) provides a relatively complete list of the specific plants consumed,
but the success of this technique depends on particle size and the effect of digestion on particle
content (Vavra and Holechek 1980). The method requires comparing the cellular structure of the
plant fragments to the cellular structure of the reference slides derived from plants taken from the
study area.
I randomly selected 10 fecal samples per season per grid for P. p. niveiventris (five
females and five males, if possible) and ten fecal samples each for P. gossypinus and S. hispidus
(division of samples into five of each sex was impossible due to lack of sample size for each sex)
using a random number generator. Sample preparation followed the methods of Hansen (1971).
Feces were ground with a mortar and pestle, placed onto a slide (two slides per sample), and
covered with Hertwig’s solution (a clearing solution consisting of crystalline chloral hydrate,
glycerin, and hydrochloric acid). I heated the slides over an ethanol burner until most of the
solution had boiled off, added Permount® mounting solution and a cover slip, and reheated until
the solution had just begun to boil. I then removed the slide from the flame, quickly wiped the
underside with a cool, damp cloth to remove air bubbles, and placed the slides in a drying oven
for three days at 55˚C. Voucher slides of the plant reference material collected in the field were
prepared in the same manner as the fecal slides to illustrate the identifying cell structures.
I examined the slides under a microscope with an attached digital camera and the
program Magnafire. I analyzed the entire slide under the microscope at the magnification
required to see cellular structure. Digital images of cell structures in the voucher slides (leaf,
stem, flower, and fruit) were prepared and compiled in reference book to assist in identifying the
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plant fragments on the fecal slides. Digital images of the fecal slide contents were then printed
and examined for the presence/absence of plant species. Plant identification in the fecal material
was to species level or the lowest taxonomic level possible. I compared the number of plant
species consumed per mouse (P. p. niveiventris only) using JMP Least Squares Analysis (SAS
2004), with sex, habitat, and grid (nested within habitat) as the independent variables. The
number of plant species consumed will provide an indication of whether the three species are
food specialists or generalists.
Plant material digestibility varies with cellulose content (Vavra and Holechek 1980).
Therefore, as much as fifty percent of fecal contents may be unidentifiable because the cell
structure is not visible or is so thoroughly digested that what remains is amorphous. Further,
when dealing with fragment size, the parts of one species may be indistinguishable from another
species. In many cases the similarities among plant parts, i.e. flowers from different species of
the same genus, make it impossible to identify fragments to specific species.
To identify arthropods in feces, I randomly chose mice from the group chosen for plant
identification in fecal samples for a separate analysis since the fecal slide preparation procedure
reduced arthropod fragments to unrecognizable pieces. Fecal material from 150 southeastern
beach mice, 10 cotton mice, and 10 hispid cotton rats were analyzed for the presence/absence of
arthropods. I placed one fecal pellet in a vial, added water, and gently shook the vial to soften
the pellet. Once the pellet had completely dissolved, I added isopropyl alcohol to prevent further
decomposition and poured the liquid into a grid etched Petri dish for observation under a
dissection microscope. A research entomologist with the University of Central Florida identified
the arthropod fragments and compiled a species list for each sample.
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I used the arthropod samples from sticky traps and pitfall traps to identify the arthropods
present in the study area. Sticky traps were soaked in mineral spirits until the arthropods and the
sticky solution floated free of the lids. I preserved the arthropods from both types of traps in
75% propanol, and I then had them identified to the lowest taxonomic level possible.
Arthropods observed to be vulnerable to potential capture by P. p. niveiventris and those
observed in fecal slides were collected, if possible, from the grids for stable isotope analysis.

Stable Isotope Analysis

Stable isotope analysis is a widely used technique for investigating diet (Anderson and Polis
1998; Drever et al. 2000; Stapp and Polis 2003a,b). This method compares the stable isotope
ratios (15N/14N and 13C/12C) of an animal’s tissues to those of potential food sources to provide
an estimate of the animal’s diet at the time that tissue was grown (DeNiro and Epstein 1978,
1981; Roth and Hobson 2000). Since different photosynthetic pathways incorporate the stable
isotopes of carbon in different ratios, measuring these signatures in an animal’s tissues can
indicate the plant types consumed (C3 vs. C4/CAM) (DeNiro and Epstein 1978), and thus can
reflect the amount of grass vs. forbs or woody vegetation in the diet (Cerling et al. 2006). For
nitrogen, the heavy isotope (15N) is preferentially incorporated into the tissues of the consumer
from the diet, resulting in a systematic enrichment in nitrogen-isotope ratios with each trophic
level (DeNiro and Epstein 1981). Thus, stable nitrogen isotope ratios reflect the trophic position
of an organism within a food web, with carnivorous animals being most enriched in 15N,
followed by omnivores, and with primary producers having the least 15N (Stapp and Polis
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2003a). In combination, measurement of these stable isotope ratios provides a powerful tool for
understanding feeding relationships and tracing the flow of energy and nutrients.
I measured stable isotope ratios in hair from all three rodent species and from plants and
arthropods that were potential foods. To prepare samples for analysis (see Appendix 3 for greater
detail), hair samples were cleaned with soap and water to remove surface oils, dried at 90°C, and
homogenized with scissors. Plants and arthropods were freeze-dried for 48 hrs and pulverized
with mortar and pestle. The carbon isotope ratios of lipids differ substantially from other
compounds (DeNiro and Epstein 1978; Tieszen et al. 1983), and variations in lipid concentration
can significantly influence δ13C measurements (Rau et al. 1992). Therefore, I removed lipids
from arthropod samples using a Soxhlet apparatus with petroleum ether solvent for at least 8
hours, and then evaporated the solvent in a drying oven.
Stable isotope ratios of subsamples (3 mg of plants, 1 mg of arthropods and rodent hair)
were measured on a continuous flow isotope ratio mass spectrometer at the University of Central
Florida. Stable isotope signatures are expressed as parts per thousand (‰) relative to a standard
as follows: δX = [(Rsample/Rstandard) - 1] x 103, where X is 13C or 15N and R is the corresponding
ratio 13C/12C or 15N/14N. The standards for 13C and 15N are Pee Dee Belemnite and atmospheric
N2, respectively. Measurement precision was within 0.1‰ for carbon and 0.2‰ for nitrogen.
I analyzed the δ13C and δ15N values of the three rodents (710 beach mice, 51 cotton mice,
and 31 cotton rats) using JMP Least Squares (SAS 2004) to determine whether there were
differences in sex (male versus female), habitat type (dune/swale versus coastal scrub), an
interaction between habitat and sex, and grids within a habitat type. I also used the stable carbon
isotope ratios of the plants and arthropods to assign each species to either the C3 or C4
photosynthetic pathway. δ13C values between -19 and -6‰ were designated as part of the C4
10

photosynthetic pathway; those between -34 and -24‰ were considered part of the C3
photosynthetic pathway (Smith and Epstein 1971).
I used the δ13C and δ15N stable isotope ratios of rodent hair, plants, and arthropods in a
multi-source mixing model (program IsoSource; Phillips and Gregg 2003) to determine the
contribution of various food sources in the hair of the rodents sampled (Phillips et al. 2005). The
rodent samples were corrected for trophic enrichment (3‰ for nitrogen and 1‰ for carbon;
DeNiro and Epstein 1978, 1981) and averaged by habitat type for each species. The model
compared the averaged rodent data to the average C3 plants, C4 plants, C3 arthropods, and C4
arthropods in each habitat type; aggregating food sources into these functional groups allowed a
much narrower range of potential solutions (Phillips et al. 2005). The model output consisted of
a range of possible proportions (minimum, maximum, mean) of each food group in the overall
hair average.
To assess the likelihood of competition among the three co-occurring small mammals, I
analyzed the stable isotopic data using JMP Least Squares and Cluster Analysis (SAS 2004).
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RESULTS

Fecal Analysis

Of the 50 plant species identified in the study area, P. p. niveiventris consumed 41, 11 were
consumed by P. gossypinus, and 13 were consumed by S. hispidus (Table 1). Most of the plant
fragments observed on the fecal slides belonged to the C3 plant type. Due to the varying effect
of digestion on the plant material consumed, a portion of the material was not identifiable
beyond plant part (i.e. flower, berry, stem, leaf, and seed). These are represented at the bottom
of Table 1 and comprise a large proportion of the diets of all three species. The diet of P. p.
niveiventris, the portion composed of plant material identified to a specific plant, was composed
of 93% C3 plants (non-grass material) and 7% C4 plants (grass material) within the dune/swale
habitat, and 99% C3 plants and 1% C4 plants within the coastal scrub habitat. Grass species were
difficult to distinguish due to the minute fragment size.
There was no significant difference in the composition of plant species found in the fecal
samples of beach mice between habitats (F1,224=0.93, p=0.39) or sex (F1,224=1.00, p=0.32), but
grids differed within habitat (F4,224=10.4, p<0.0001).
Arthropod material was present in feces in both habitats (Table 2). Forty-six percent of
the dune/swale samples and fifty-six percent of the coastal scrub samples of P. p. niveiventris
contained arthropod fragments. The difference in the presence/absence of arthropods between
the two habitats was found to be non-significant when analyzed using a 2x2 Contingency Table
(unadjusted χ2=1.27, adjusted χ2=0.93). I found arthropods from eight orders in P. p. niveiventris
12

feces (Table 2), two orders in P. gossypinus feces (Hymenoptera & Coleoptera), and two orders
in S. hispidus feces (Diptera & Lepidoptera). I found no overlap in the insect orders consumed by
these last two species.

Stable Isotopes

Plants in both habitats clearly separated into the two δ13C categories, C3 and C4/CAM (Figure 2).
More of the plant species belonged to the C3 photosynthetic pathway, although the biomass of C4
species appeared greater in the dune/swale habitat than in the coastal scrub where C3 plants
dominated. Nitrogen values fell within the expected range. The C3 plants did not differ
significantly between the two habitats in δ13C (F1,98=0.002, p=0.97); however the plants did
differ significantly in δ15N (F1,98 =7.95, p=0.01).
Arthropods also clearly separated into those feeding primarily in the C3 or C4/CAM food
chains. Most arthropods collected from the dune/swale and coastal scrub habitats fed on C3
plants, although my sample of arthropods that may be potential food items was small (Figure 3).
Beach mice from the dune/swale habitat were enriched in 13C compared to those from the
scrub (F1, 698=11.52, p=0.02), but δ15N values did not differ (F1,698=1.43, p=0.30). Within
habitats, beach mice differed among grids in both δ13C (F4, 698=6.22, p<0.0001) and δ15N (F4,
698=32.62,

p<0.0001). There were no significant sex differences for δ13C (F1, 698=0.67, p=0.41)

or δ15N (F1, 698=1.11, p=0.29), and no interaction between sex and habitat for δ15N (F1, 707=2.83,
p=0.09) or δ13C (F1, 707=1.12, p=0.29).
δ13C and δ15N values for beach mice and arthropods derived from coastal scrub sites are
predominantly clustered in the C3 carbon ratio (<-24), which suggests consumption of C3 plants
13

(Figure 4). A few beach mouse samples reflected a diet largely restricted to C4 plants (C4/CAM
δ 13C = -19 to -6). The majority of the arthropod samples appear to reflect arthropods that fed on
C3 plants. There are some intermediate points representing mice between the C3 and C4 regions
of the beach habitat. These points likely represent mice consuming both C3 and C4 plant matter,
resulting in intermediate δ13C values. The range of δ15N values in beach mice suggests they are
not strictly herbivorous, but rather are omnivorous, and also indicates that not all of the animals
eat the same proportion of plant and arthropod matter.
Cotton mice and cotton rats appeared to consume foods primarily from the C3 food chain
but acted as omnivores in both habitats (Figure 5). Cotton mouse stable isotope ratios did not
differ between habitats for either carbon (F1,39=0.12, p=0.73) or nitrogen (F1,39=0.91, p=0.38).
Cotton rat δ15N values did not differ between habitats (F1,19=0.47, p=0.51), but rats from
dune/swale habitats were enriched in13C compared to rats from coastal scrub habitats (F1,19=6.69,
p=0.05). Within habitats, cotton mice differed among grids for nitrogen (F4,39=5.65, p=0.001) but
not carbon (F4,39=0.91, p=0.47), and cotton rats differed among grids for carbon (F1,19=8.91,
p=0.0003) but not nitrogen (F1,19=2.74, p=0.06). Sex did not differ for either cotton mice
(nitrogen F1,39=2.35, p=0.13; carbon F1,39=0.70, p=0.41) or cotton rats (nitrogen F1,19=0.28,
p=0.60; carbon F1,19=2.44, p=0.13). The interaction between sex and habitat was not significant
for either cotton mice (nitrogen F1,48=1.14, p=0.29; carbon F1,48=2.05, p=0.16) or cotton rats
(nitrogen F1,28=0.92, p=0.35; carbon F1,28=0.00, p=1.00).
The results from the mixing models clearly indicate that P. p. niveiventris in the
dune/swale habitat consumed a greater amount of plants and arthropods with a C3 signature,
whereas plants and arthropods with a C4 signature consistently occurred in minimal amounts
(Figure 6). In the coastal scrub, C3 arthropods made up the largest proportion of the beach mouse
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diet, followed by C3 plants (Figure 6). Cotton mice in both habitats consumed mainly C3 plants
and C3 arthropods (Figure 6); this species was captured only on two coastal scrub grids. Cotton
rats in the dune/swale and coastal scrub had diets comprised mainly of C3 plants, though C4
plants were a more significant component of the diet in the dune/swale compared to either P. p.
niveiventris or P. gossypinus (Figure 6). However, the sample size of this species on all grids
was quite low.
The three rodent species differed significantly in both δ15N (F2,784=11.9, p<0.0001) and
δ13C (F2,784=3.86, p=0.022) (Figure 7). δ15N did not differ significantly between P. p.
niveiventris and P. gossypinus, but both differed significantly from S. hispidus (Tukey HSD,
p<0.05). Turkey HSD also verified that δ13C did not differ significantly among the three species.
I performed a cluster analysis on the δ15N and δ13C values of all three rodent species in
each habitat type, and used the results to construct a dendrogram to display the relative
differences among rodent groups graphically (Figure 8). The diet of P. gossypinus in the two
habitats was most similar, and S. hispidus in the dune swale, as the last group to cluster with the
other 5 groups in the dendrogram, was the most dissimilar in diet. Overall, rodent diets were
more similar in the scrub than in the dune/swale habitats (Figure 8).
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DISCUSSION
A significant result of my study is the demonstration that P. p. niveiventris occupies a much
broader feeding niche than had been assumed from casual observations. I found this subspecies
to utilize two-thirds of the plants found on the grids as well as many kinds of arthropods. These
results suggest plans for future translocations should consider the need for a diverse mix of plant
species and life forms in the site selection process. Selection of a site with a highly diverse flora
may mitigate interspecific competition with other small mammals, which cannot be assumed to
be absent.
P. p. niveiventris is omnivorous and in this aspect is similar to the subspecies studied by
Moyers (1996) and Sneckenberger’s (2001) as well as the subspecies known as old-field mice
(Gentry and Smith 1968). The difference lies in the proportion of grass in the diet. The plant
material consumed by mice residing along the primary dunes in northwest Florida and Alabama
was mainly grass seed. The mice trapped in the scrub (their scrub is different from the coastal
scrub in which I trapped) consumed mainly acorns (Quercus sp.), gopher apple (Licania
michauxii), and Polygonella sp. In contrast, P. p. niveiventris’ diet includes much smaller
amounts of grass. The majority of the diet is comprised of non-grass material and arthropods
which feed on non-grass material. The reason for this is currently unknown and warrants further
study.
The ratios derived from the stable isotope analysis of the plant food sources were
expected and were consistent with the findings of DeNiro and Epstein (1978), who stated that C3
plants fall within the <-28 range of δ13C values. Though the values in Figure 2 fall between -30
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and -23, variability is expected. Marine inputs (δ13C values between -12 & -13) could be an
influence even though a kilometer or two inland from the coast.
I expected habitat differences in the diets of the small mammals. The habitat types
where I trapped the mice differ in plant composition, plant density, proximity to the ocean, and
other abiotic features. This expectation was verified by the different δ13C values of mice in the
two habitats. The δ15N values were similar between the two habitats. This similarity may mean
that the mice were consuming the same trophic levels regardless of habitat. Another possibility
is because the plants in the dune/swale had higher δ15N values than those in the coastal scrub,
mice in the coastal scrub had to consume a greater proportion of arthropod material to achieve
the same δ15N values as the mice on the dune/swale. No sex differences were detected. The
foods are apparently nutritionally adequate for both reproductive and non-reproductive mice.
Grids nested within habitats did show a significant difference in δ13C and δ15N values; I expected
this variation since the three grids in each habitat were not identical to one another in plant
composition and, therefore, the arthropod composition. Anderson and Polis (1998) analyzed a
variety of arthropods using stable isotopes along the coast and more inland on an island in the
Gulf of California. They did not break the arthropods into carbon categories, but rather averaged
the values collected. Along the coast, the arthropods averaged around -20 and -24 more inland.
δ15C was -23 along the coast and -15 more inland (Anderson and Polis 1998).
The diet of P. gossypinus was consistent with the literature. The cotton mouse is
omnivorous. The plant material consumed is similar to the beach mouse, comprised primarily of
C3 plant material. Unlike the beach mouse, the cotton mouse’s diet did not change between the
two habitats. The cotton mouse consumed the same plant material and trophic levels regardless
of habitat. There was a significant difference in the δ15N values among the grids nested within a
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habitat. The explanation for this difference could be local variation in food availability (plant vs.
arthropod), but warrants further study.
The diet of S. hispidus differed from that stated in the literature. The cotton rats on Cape
Canaveral Air Force Station are omnivorous. The literature lists them as herbivorous, but there
is currently no report of their diet in dune/swale and/or coastal scrub. Diet may be habitat
specific and warrants further study in other coastal settings. Habitat differences were expected,
and were observed in the δ13C values. Cotton rats consumed a greater proportion of C4 plant
material on the dune/swale compared to those trapped in the coastal scrub. There was also
carbon differences among the grids nested within a habitat. The differing plant compositions
may explain this difference.
The comparison of all three species indicated significant differences for both δ13C and
δ15N values. The beach mouse consumed a greater variety of C3 and C4 plant and arthropod
material. The cotton mouse consumed more C3 plant and arthropod material. The cotton rat
consumed more C3 and C4 plant material in the dune/swale and C3 plant and arthropod material
in the coastal scrub. These results confirmed the scatterplots. The beach mouse and cotton
mouse consumed a greater proportion of arthropod material compared to the cotton rat.
IsoSource confirmed the stable isotope and fecal analysis findings. The model confirmed
the results of two techniques with biases. The cluster analysis also confirmed the stable isotope
analysis that confirms that there is no difference between the habitat types for the cotton mouse
and that the diet of all three rodents is most similar in the coastal scrub.
Seasonality was an objective of the study originally and the reason the plants’
reproductive state was monitored monthly (Appendix 1). However, since Peromyscus sp. can
molt both annually as well as between life stages, and since the season the hair grew in could not
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be determined, the seasonal aspect of the study had to be abandoned until the monthly
determination can be made.

19

CONCLUSION
Peromyscus p. niveiventris mouse is a food generalist and consumes plant and animal material.
As long as the land managers manage the habitat properly and continue to have a diversity of
plants thriving within the area, the mice will have a food source. The beach mice in this study
consumed a variety of food sources, mainly C3 plant material. If C3 plants are present so should
C3 arthropods, another important food source. Of additional importance is the fact that the beach
mice are widespread in coastal scrub, increasing the amount of potential land for future
translocations. Thus, based on habitat use and diet, P. p. niveiventris does not restrict itself to the
sea oats zone as originally claimed by Bangs (1898).
Local co-occurrence of two omnivorous species, namely, cotton mice and cotton rats,
with the southeastern beach mouse suggests that interspecific competition is possible if food
sources become limited. This potential may be greater in the coastal scrub where the diets are
the most similar and less likely in coastal dunes and swales.
Those in charge of state and federal lands tasked with the preservation of threatened and
endangered biota should consider seasonal or annual monitoring programs to avoid undetected
negative trends in populations of southeastern beach mice. Active management of coastal scrub
will be necessary (Suazo 2007).
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Figure 1. Aerial of the study site, Cape Canaveral Air Force Station, with grid locations labeled.
Solid black dots represent coastal scrub grids and white dots with black centers represent
dune/swale grids.
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Figure 2. Stable isotope ratios of plants collected from (a) the dune/swale and (b) the coastal
scrub grids, Cape Canaveral Air Force Station, FL.
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Figure 3. Stable isotope ratios of arthropods collected from the dune/swale and the coastal scrub
grids, Cape Canaveral Air Force Station, FL.
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Figure 4. Stable isotope ratios of P. p. niveiventris (Ppn), plants, and arthropods collected from
(a) the dune/swale and (b) the coastal scrub grids, Cape Canaveral Air Force Station, FL.
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28

SE beach mice SE beach mice Cotton mice Cotton mice Cotton rat Cotton rat -

Figure 8. Dendrogram for cluster analysis on rodent species by habitat. The green squares
indicate animals from the coastal scrub habitat, and the yellow squares indicate animals from the
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Table 1. Plants occurring in each habitat type and the relative frequency of occurrence in the feces of each species.
Carbon
Pathway

Present within habitat
Coastal
Dune/Swale
Scrub

P.p.niveiventris
Coastal
Dune/Swale
Scrub

Scientific Name

Common Name

Ambrosia artemisiifolia

Ragweed

C3

X

X

0.08

Atriplex cristata

Crested atriplex

C3

X

O

0.07
0.29

Baccharis halimifolia

Saltbush

C3

X

X

Calicarpa Americana

Beautyberry

C3

O

X

Cakile lanceolata

Coastal searocket

C3

X

O

0.03

Canavalia rosea

Beach pea

C3

X

O

0.33

Chamaesyce mesembrianthemifolia

Coastal beach sandmat

C3

X

O

Coccoloba uvifera

Sea grape

C3

X

X

Crotalaria pumila

Low rattle-box

C3

X

O

Croton punctatus

Beach tea

C3

X

O

Cyperus pedunculatus

Beach star

C3

X

O

Dactyloctenium aegyptium

Crowfootgrass

C4

X

O

Distichlis spicata

Saltgrass

C4

X

O

Dodonaea viscose

Varnish leaf

C3

X

X

Eustachys glauca

Saltmarsh fingergrass

C4

X

X

Forestiera segregate

Florida swampprivet

C3

X

Helianthus debilis

Beach sunflower

C3

X

Heterotheca subaxillaris

Camphorweed

C3

Ilex vomitoria

Yaupon holly

Ipomoea imperati

Beach morning-glory

Ipomoea pes-caprae

Rail-road vine

Licania michauxii

Gopher apple

Muhlenbergia capillaries

Muhly grass

C4

X

X

Myrcianthes fragrans

Simpson's stopper

C3

O

X

Myrica cerifera

Wax myrtle

C3

X

X

0.01

Oenothera humifusa

Seabeach eveningprimrose

C3

X

O

0.03

Opuntia stricta

Erect pricklypear

CAM

X

X

0.18

Panicum amarum

Dune panic grass

C4

X

O

0.02

Passiflora incarnate

Maypop

C3

X

X

Persea borbonia

Red bay

C3

O

X

0.20

0.80

0.29

0.14

0.07

0.27

0.18

X

0.01

0.01

X

0.62

0.70

X

X

0.01

0.11

C3

O

X

C3

X

O

C3

X

O

C3

O

X
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P.gossypinus
Coastal
Dune/Swale
Scrub

S.hispidus
Coastal
Dune/Swale
Scrub
0.60

0.14

0.20

0.29

0.20

0.00

0.80

0.80

0.86

0.60

0.71

0.00

0.14

0.60

0.29

0.01
0.19

0.03

0.03

0.05

Carbon
Pathway

Present within habitat
Coastal
Dune/Swale
Scrub

P.p.niveiventris
Coastal
Dune/Swale
Scrub

Scientific Name

Common Name

Phyllanthus urinaria

Chamber bitter

C3

X

X

0.04

Physalis walteri

Ground cherry

C3

X

X

0.27

0.18

Polygala violacea

Showy milkwort

C3

X

X

0.16

0.02

Quercus chapmanii

Chapman's oak

C3

O

X

Quercus geminate

Sand live oak

C3

O

X

P.gossypinus
Coastal
Dune/Swale
Scrub

S.hispidus
Coastal
Dune/Swale
Scrub

0.05
0.4

0.43

1.00
0.20

Quercus myrtifolia

Myrtle oak

C3

X

X

0.02

0.54

Quercus sp.

Oak

C3

X

X

0.05

0.11

Quercus virginiana

Live oak

C3

O

X

Scaevola plumieri

Inkberry

C3

X

O

0.03

Serenoa repens

Saw palmetto

C3

X

X

0.02

Sesuvium portulacastrum

Sea pickle

C3

X

O

0.20

Smilax auriculata

Greenbriar

C3

O

X

Spartina patens

Marshhay cordgrass

C4

X

O

Sporobolus virginicus

Virginia dropseed

C4

X

O

Uniola paniculata

Sea oats

C4

X

O

Vaccinium myrsinites

Shiny blueberry

C3

O

X

Vitis munsoniana

Muscadine

C3

O

X

Ximenia Americana

Hog plum

C3

O

X

Grass

C4

X

X

0.70

0.60

0.80

0.29

1.00

0.86

Fruit

X

X

0.96

0.94

1.00

0.86

1.00

1.00

Flower

X

X

0.65

0.67

0.80

0.71

0.60

0.43

0.4

0.43

0.71

0.29

0.29

0.02

0.40

0.01

Leaf

X

X

0.08

0.041

0.20

0.00

0.40

0.00

Stem

X

X

0.00

0.041

0.00

0.14

0.20

0.00

X = Presence
O = Absence
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Table 2. Relative frequency of occurrence of arthropod orders in the fecal samples of P. p.
niveiventris from both habitats.
Order
Coleoptera
Diptera
Lepidoptera
Hymenoptera
Acarina
Orthoptera
Araneae
Dictyoptera
Arthropod

P. p. niveiventris
Dune/Swale
Coastal Scrub
0.10
0.25
0.08
0.14
0.11
0.07
0.20
0.01
0.04
0.03
0.04
0.03
0.18
0.15
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APPENDIX C: STABLE ISOTOPE PREPARATION METHODOLOGY

34

Hair

I removed approximately 1 mg of hair with scissors, placed in a small Ziploc bag, and stored in a
freezer until processed. I stored each hair sample in a four milliliter scintillation vial as the
sample was prepared for analysis. I washed each sample with soapy water to remove dirt, oil,
and other debris. The vial was agitated to “wash” the hair and then the vial contents emptied into
a sieve. I rinsed the vial and any remaining hair was added to the sieve. I applied cool water to
rinse the hair until all remains of the soap had disappeared. I transferred the hair from the sieve
to the vial, returned to the vial without a lid, and placed in a drying oven for twenty four hours at
about 35 degrees Celsius. Sharp fine point scissors finely minced the dried hair. The scissors
reduced the hair to small enough fragments to easily fit into the tin cup that holds the sample as it
is processed in the mass spectrometer. Between 0.6 and 1 mg of minced hair went into a 3.5 x 5
mm tin cup. Samples with weights in this range were heavy enough to provide reliable values.
Folding the cup in on itself insured that the hair stayed within the cup as it moved through the
mass spectrometer. Hair that had a final weight < 0.6 mg did not yield reliable outputs.

Plants

Plant tissue for isotopic analysis was freeze dried to remove all water. A mortar and pestle
pulverized the dry plant tissue before I transferred it to tin cups, identical to the ones described in
the section on hair. A minimum of about 3 mg of plant material in each tin cup was necessary to
give reliable results on the mass spectrometer. Once the isotopic data were gathered, I graphed
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the ratios to determine which plants belonged to the C3 or C4 photosynthetic pathway. If the
carbon ratios fell between -19 and -6 the plant utilizes the C4 photosynthetic pathway. If the
carbon ratios fell between -34 and -24 the plant utilizes the C3 photosynthetic pathway (Smith
and Epstein 1971).

Arthropods

All arthropods samples were freeze dried for 48 hours and the lipids removed with petroleum
ether for 12 hours. I further dried the lipid-free samples in a drying oven for 24 hours and
reduced to powder using a mortar and pestle. I transferred the samples in the weight range 0 .6-1
mg to 3.5 X 5 mm tin cups. I folded the cups to insured the sample remained inside the cup
once placed into the mass spectrometer. If the carbon ration fell between -15 and -12 the
arthropod consumed a plant that utilized the C4 photosynthetic pathway. If the carbon ratios fell
between -25 and -21 the arthropod consumed a plant that utilized the C3 photosynthetic pathway.
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APPENDIX D: PLANT SEASONALITY AT CAPE CANAVERAL AIR
FORCE STATION
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Dune/Swale

Table 3. Plant seasonality on the dune/swale trapping grids
Scientific Name
Canavalia rosea
Ipomoea imperati
Helianthus debilis
Heterotheca subaxillaris
Crotalaria pumila
Oenothera humifusa
Polygala violacea
Uniola paniculata
Sesuvium portulacastrum
Atriplex cristata
Ipomoea pes-caprae
Cyperus pedunculatus
Distichlis spicata
Chamaesyce bombensis
Dodonaea viscose
Andropogon sp.
Serenoa repens
Coccoloba uvifera
Muhlenbergia capillaris
Phyllanthus urinaria
Chamaecrista fasciculata
Opuntia stricta
Myrica cerifera
Smilax auriculata
Scaevola plumieri

Common Name
Beach pea
Beach morning-glory
Beach sunflower
Camphorweed
Low rattle-box
Seabeach eveningprimrose
Showy milkwort
Sea oats
Sea pickle
Crested atriplex
Rail-road vine
Beach star
Saltgrass
Dixie sandmat
Varnish leaf
Bluestem
Saw palmetto
Sea grape
Muhly grass
Chamber bitter
Partridge pea
Erect pricklypear
Wax myrtle
Greenbriar
Inkberry

Jan

Feb

March
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April

May

June

July

Aug

Sept

Oct

Nov

Dec

Scientific Name
Ambrosia artemisiifolia
Sporobolus virginicus
Croton punctatus
Cakile lanceolata
Panicum amarum
Physalis walteri
Spartina patens
Eustachys glauca
Dactyloctenium aegyptium
Passiflora incarnata

Common Name
Ragweed
Virginia dropseed
Beach tea
Coastal searocket
Dune panic grass
Ground cherry
Marshhay cordgrass
Saltmarsh fingergrass
Crowfootgrass
Maypop
Vegetated
Flower

Jan

Feb

March

Fruit
Dead
Plant
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April

May

June

July

Aug

Sept

Oct

Nov

Dec

Coastal Scrub

Table 4. Plant seasonality on the coastal scrub trapping grids
Scientific Name
Physalis walteri
Dodonaea viscosa
Quercus myrtifolia
Quercus geminata
Quercus virginiana
Myrica cerifera
Calicarpa americana
Vitis munsoniana
Smilax auriculata
Chamaecrista fasciculata
Serenoa repens
Phyllanthus urinaria
Vaccinium myrsinites
Heterotheca subaxillaris
Andropogon sp.
Opuntia stricta
Ximenia americana
Licania michauxii
Persea borbonia
Baccharis halimifolia
Quercus chapmanii
Passiflora incarnata
Eustachys glauca
Forestiera segregate
Helianthus debilis
Myrcianthes fragrans
Coccoloba uvifera
Polygala violacea

Common Name
Ground cherry
Varnish leaf
Myrtle oak
Sand live oak
Live oak
Wax myrtle
Beautyberry
Muscadine
Greenbriar
Partridge pea
Saw palmetto
Chamber bitter
Shiny blueberry
Camphorweed
Bluestem
Erect pricklypear
Hog plum
Gopher apple
Red bay
Saltbush
Chapman's oak
Maypop
Finger grass
Florida swampprivet
Beach sunflower
Simpson's stopper
Sea grape
Showy milkwort

Jan

Feb

March

April
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May

June

July

Aug

Sept

Oct

Nov

Dec

Scientific Name
Muhlenbergia capillaris

Common Name
Muhly grass
Vegetated

Jan

Feb

March

April

Fruit

May

June
Flower
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July

Aug

Sept

Oct

Nov

Dec
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